, was isolated from surface-sterilized root tissue of maize planted in Fangshan District of Beijing, China. A polyphasic taxonomic study was performed on the new isolate. On the basis of 16S rRNA gene sequence similarity studies, this isolate belonged to the genus Flavobacterium and showed less than 93.9 % similarity to the type strains of all recognized species of the genus Flavobacterium. The predominant respiratory quinone was menaquinone-6 and the polar lipid profile was composed of the major lipids phosphatidylethanolamine, phosphatidylserine and two unidentified amino lipids. The major fatty acids were C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 16 : 0 .The G+C content of the DNA was 37.7 mol%. The results of physiological and biochemical tests and the differences in fatty acid profiles allowed the clear phenotypic differentiation of strain 522 T from closely related species of the genus Flavobacterium. Strain 522 T therefore represents a novel species within the genus Flavobacterium, for which the name Flavobacterium endophyticum sp. nov. is proposed. The type strain is 522 T (5ACCC 19708
The genus Flavobacterium was proposed by Bergey et al. (1923) . Due to the complex and heterogeneous characteristics of members of the genus, its description has been emended repeatedly over the years (Bernardet et al., 1996 (Bernardet et al., , 2002 Dong et al., 2013; Kang et al., 2013; Kuo et al., 2013) . At the time of writing, the genus contained more than 80 established species which have been isolated from a number of diverse habitats such as freshwater and marine environments, sediments, soils, glaciers, diseased fishes, composts and Antarctic lakes (Bernardet et al., 1996; Tamaki et al., 2003; Van Trappen et al., 2003 Zhu et al., 2003; Yi et al., 2005; Wang et al., 2006; Cousin et al., 2007; Weon et al., 2007; Yoon et al., 2007 Yoon et al., , 2009 Qu et al., 2009; Bernardet & Bowman, 2011; Kim et al., 2011; Joung et al., 2012; Dong et al., 2013; Loch & Faisal, 2014) .
During an investigation on the diversity of endophytic nitrogen-fixing bacteria in maize, a novel strain, designated 522 T , was obtained. A polyphasic taxonomic study indicated that this strain represents a novel species of the genus Flavobacterium.
Strain 522
T was isolated from surface-sterilized root tissue of maize planted in Fangshan District of Beijing, China. For isolation, the entire maize plant was removed from the soil during the period of tasseling (stamens in a tuft), and washed with tap water; the roots were then cut and surface sterilization was performed by immersion in 70 % ethanol for 1 min and in 2 % sodium hypochlorite for 10 min, followed by three 10 min rinses in sterile distilled water. To check for surface contamination, samples were imprinted on triplicate plates of trypticase soy agar (TSA; BD Diagnostics). Tissues found to be free of surface contamination were ground in a small volume of water using a sterile mortar and pestle, further diluted with sterile water and plated onto Ashby nitrogenfree agar (per litre distilled water: 10.0 g glucose, 0. Colonial properties of the isolate were observed on LuriaBertani (LB) medium agar plates (Miller, 1972) . Cell morphology was examined by light microscopy (CF21FS1, Olympus) and scanning electron microscopy (S-3400N, Hitachi). Gram staining was determined by using the bioMérieux Gram Stain kit according to the manufacturer's instructions. Growth was tested at 5, 10, 15, 20, 25, 30, 35, 37, 40, 45 and 50 8C on LB medium agar and pH tolerance was tested by using liquid LB medium adjusted to various pH values (4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0). Tolerance to NaCl was determined by using liquid LB medium adjusted to NaCl concentrations of 1.0-7.0 % (w/v) (intervals of 1 %). Activities of catalase and oxidase and hydrolysis of starch, casein and chitin were tested by using standard methods (Gerhardt et al., 1994) . Hydrolysis of CM-cellulose was tested as described by McCammon & Bowman (2000) . The presence of flexirubin-type pigments was determined by using 20 % KOH (Fautz & Reichenbach, 1980) . Hydrolysis of DNA and L-tyrosine was tested by using DNase Test Agar (Merck) and PYG agar with 0.5 % L-tyrosine, respectively. Carbon source utilization tests, acid production tests and tests of additional physiological and biochemical characteristics were performed by using the Biolog GEN III microtest system (Biolog) and API 20NE and API ZYM systems (bioMér-ieux) according to the manufacturer's instructions.
For determination of their cellular fatty acid composition, strain 522
T and the reference strains, F. subsaxonicum DSM 21790 T , F. noncentrifugens CGMCC 1.10076 T and F. antarcticum DSM 19726 T , were incubated for 2-3 days on R2A medium agar (Difco) (Reasoner & Geldreich, 1985) at 28, 20, 14 and 15 8C, respectively. The cellular fatty acids were derivatized to methyl esters (Sasser, 1990) and analysed by GC (Hewlett Packard 6890) by using the Microbial Identification System (MIDI; Sherlock Version 6.0) software package. Polar lipids of strain 522 T were extracted according to the method of Minnikin et al. (1984) . To identify the lipids, they were separated by two-dimensional TLC and the chromatogram was sprayed with the appropriate detection reagents (Collins & Jones, 1980) . Respiratory quinones were extracted according to the method of Collins et al. (1977) , purified by TLC and analysed by HPLC as described by Collins & Jones (1980) . Preparation of genomic DNA was carried out according to the method of Marmur (1961) . The G+C content of the DNA was determined by using the thermal denaturation method (Marmur & Doty, 1962) with Escherichia coli K-12 as a control.
A loop of biomass was scraped off the LB medium agar plate, suspended in 100 ml double distilled H 2 O and lysed by 10 min of boiling followed by 5 min of freezing. After centrifugation, the supernatant was used as the template for PCR. PCR amplification of the nifH gene was performed as described by Ding et al. (2005) . The 16S rRNA gene was amplified by using the universal primers 27F and 1492R (Lane, 1991) . Purified PCR products approximately 1.5 kb in length were sequenced using an Applied Biosystems 3730 DNA analyser. The almost-complete 16S rRNA gene sequence (1402 bp) was determined by direct sequencing and compared with available 16S rRNA gene sequences in the EzTaxon database (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012) . Phylogenetic analysis was performed by using the software package MEGA 6.0 after multiple alignments of the sequence data with CLUS-TAL X (Thompson et al., 1997) . Phylogenetic trees based on the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods were reconstructed by using the bootstrap test of phylogeny with 1000 replicates.
A 325 bp segment of the nifH gene was detected in strain 522
T . Morphological, cultural, physiological and biochemical characteristics of strain 522
T are given in the species description. Differential phenotypic features of strain 522
T compared with closely related species of the genus Flavobacterium are presented in Table 1 .
The major fatty acids of strain 522 T were C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 16 : 0 , and strain 522 T could be differentiated from closely related species in the genus Flavobacterium by the observed differences in fatty acid profiles ( Table 2 ). The dominant phospholipids were phosphatidylethanolamine (PE), phosphatidylserine (PS) and two unidentified amino lipids (Fig. S1 , available in the online Supplementary Material). Its predominant respiratory quinone was menaquinone-6 (MK-6). The DNA G+C content of strain 522 T was 37.7 mol%.
The 16S rRNA gene sequence (1402 bp) of strain 522 T was determined. The neighbour-joining phylogenetic tree ( Fig. 1) reconstructed from 16S rRNA gene sequences of strain 522
T and the type strains of related species in the genus Flavobacterium showed that strain 522 T clearly belongs to the genus Flavobacterium; it shared less than 93.9 % 16S rRNA gene sequence similarity with the type strains of all recognized species in the genus Flavobacterium. The phylogenetic trees obtained with the maximumlikelihood and maximum-parsimony methods had a similar topology ( Figs S2 and S3 ).
Based on the results from the present study, it can be concluded that strain 522
T represents a novel species of the genus Flavobacterium, for which the name Flavobacterium endophyticum sp. nov. is proposed.
Description of Flavobacterium endophyticum sp. nov.
Flavobacterium endophyticum (en.do.phy9ti.cum. Gr. prefix endo-inside; Gr. adj. phytikos belonging to a plant; N.L. neut. adj. endophyticum living inside a plant).
Cells are Gram-stain-negative, aerobic rods, approximately 0.2-0.3 mm wide and 0.8-1.7 mm long after 48 h of incubation at 28 uC on LB agar (Fig. S4) . Colonies on LB agar are circular with entire margins, convex, yellowish, glossy and about 1 mm in diameter after 3 days of incubation at 28 uC. Growth occurs at 10-45 uC (optimum 30 uC), at pH 6.0-8.0 (optimum pH 7.0) and with 0-1 % (w/v) NaCl (optimum 1 %). Growth occurs on nutrient agar (Difco) and TSA (Difco) at 28 uC. Positive for oxidase and catalase. Positive for hydrolysis of casein and starch. Negative for hydrolysis of chitin, CM-cellulose, DNA and tyrosine. Flexirubin-type pigments are not present. In API 20 NE tests, positive for aesculin hydrolysis and gelatin hydrolysis. In the API ZYM system, positive for alkaline phosphatase, C4 esterase, C8 lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, aglucosidase and N-acetyl-b-glucosaminidase activities but negative for C14 lipase, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase and a-fucosidase activities. In the Biolog GEN III microplate system, utilizes dextrin, maltose, gentiobiose, a-D-glucose, D-mannose, D-serine, acetoacetic acid, acetic acid, aztreonam, rifampicin, tetrazolium blue and nalidixic acid but none of the other substrates. The predominant respiratory quinone is menaquinone-6 and the major polar lipids are phosphatidylethanolamine, phosphatidylserine and two unidentified amino lipids. The major fatty acids are C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 16 : 0 .
The type strain is 522 T (5ACCC 19708 T 5DSM 29537 T ), isolated from surface-sterilized root tissue of maize planted in Fangshan District of Beijing, China. The DNA G+C content of the type strain is 37.7 mol%.
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